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Abstract

Marijuana use is legal in two states and additional states are
considering legalization. Approximately 18 million Americans
are current marijuana users. There is currently no consensus on
whether marijuana use is associated with cancer risk. Our objec-
tive is to review the epidemiologic studies on this possible
association. We identified 34 epidemiologic studies on upper
aerodigestive tract cancers (n¼ 11), lung cancer (n¼ 6), testicular
cancer (n¼ 3), childhood cancers (n¼ 6), all cancers (n¼ 1), anal
cancer (n ¼ 1), penile cancer (n ¼ 1), non-Hodgkin lymphoma
(n ¼ 2), malignant primary gliomas (n ¼ 1), bladder cancer (n ¼
1), and Kaposi sarcoma (n¼ 1). Studies on head and neck cancer
reported increased and decreased risks, possibly because there is

no association, or because risks differ by human papillomavirus
status or geographic differences. The lung cancer studies largely
appear not to support an associationwithmarijuana use, possibly
because of the smaller amounts of marijuana regularly smoked
compared with tobacco. Three testicular cancer case–control
studies reported increased risks with marijuana use [summary
ORs, 1.56; 95% confidence interval (CI), 1.09–2.23 for higher
frequency and 1.50 (95%CI, 1.08–2.09) for�10 years]. For other
cancer sites, there is still insufficient data tomake any conclusions.
Considering that marijuana use may change due to legalization,
well-designed studies onmarijuana use and cancer are warranted.
Cancer Epidemiol Biomarkers Prev; 24(1); 15–31. �2015 AACR.

Introduction
In July 2014, the New York Times Newspaper Editorial Board

called for marijuana to be legalized in the United States (1).
Regarding potential health issues that marijuana may cause, a
New York Times article cited a New England Journal of Medicine
review and mentioned that the link with lung cancer was unclear
and if there is any increased risk, it is lower than that of cigarette
smoking (2). The New England Journal of Medicine article that
was cited reported that the associationbetweenmarijuana use and
cancer could not be ruled out (3). Certainly, the potential benefits
ofmedicalmarijuanausemust be considered andweighed against
the harms, but the potential role ofmarijuana smoking in causing
cancer needs to be carefully reviewed.

In 2012, Colorado andWashington legalizedmarijuana use for
adults age 21 years or older (4). Medical marijuana is legal in 23
states and the District of Columbia with laws that have been
changing over the time period between 1996 and 2014 (5). The
states which permit medical marijuana include Alaska, Arizona,
California, Colorado, Connecticut, District of Columbia,
Delaware, Hawaii, Illinois, Maine, Maryland, Massachusetts,

Michigan, Minnesota, Montana, Nevada, New Hampshire, New
Jersey, New Mexico, New York, Oregon, Rhode Island, Vermont,
andWashington (5). Nevertheless in more than half of the states,
it is still illegal for people to use, buy, sell, possess, cultivate, and
transport marijuana. Also, it is illegal to sell marijuana to those
under 21 by law. However, 14 additional states are currently
considering legalization of marijuana (6).

In 2012, 18.7% of young adults (ages 18–25 years), 7.2% of
children (12–17 years of age), and 5.3% of adults � age 26 years
used marijuana in the past month, and 40.3% of past-month
marijuana users (5.4 million) used it daily or nearly daily.
Moreover, since 2002, and especially after 2007, near-daily use
of marijuana in persons 12 years of age and older has increased
steadily (7) at the same time that perceived risk from marijuana
has declined (8). Among American adults, approximately 18
million people (7.6%) were current marijuana users (9) in con-
trast to an estimated 42.1 million (18.1%) current cigarette
smokers (10). In 2012, there were approximately 6,600 new
marijuana users each day (7). The increasing trends in marijuana
use prevalence over the past several years, alongwith the declining
perceptions of health risks frommarijuana and greater availability
of marijuana in states where it has been legalized for medical or
recreational use, suggest that it is likely (albeit not certain) that the
prevalence of marijuana use will continue to increase.

In 2005, we published an epidemiologic review of marijuana
use and cancer risk, including articles published up to November
2004 (11). The 2005 review included two cohort studies and 14
case–control studies, with an assessment that there were not
sufficient studies available to adequately evaluate the impact of
marijuana on cancer risk. The limitations in previous studies
included possible underreporting where marijuana use is illegal,
small sample sizes, and too few heavy marijuana users in the
study. In this current review, our objective is to provide an
updated review including these previously reviewed studies as
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well as additional articles published. We will evaluate whether
there is evidence to support an association betweenmarijuana use
and cancer risk, or support the lack of association.

Materials and Methods
We used the keywords "marijuana," "cannabis," and "cancer"

on PubMed/Medline and identified epidemiologic studies on
marijuana use and cancer risk, published up to August 2014. We
also reviewed the literature citation of each of the publications
identified. Epidemiologic studies for which investigators assessed
marijuana use andprovided risk estimates formarijuana exposure
were included in our review. Study design, subject recruitment
methods, and risk estimates reported for these studies are pre-
sented in the tables, ordered by publication date. For each study,
we chose the best estimates from the publication to present in the
tables, such as RR or OR among never smokers and RR or OR
adjusted for potential confounders, including tobacco smoking.
We also show the cancer risk estimates by frequency and/or
duration if those estimates were available, prioritizing cumulative
exposure estimates (joint-years), if available.

We conducted a meta-analysis when at least three combinable
ORs were available and the exposure variable was comparable.
The three studies on marijuana use and testicular cancer met this
criterion as the exposure categories were fairly comparable for
combining estimates. For head and neck cancer, a meta-analysis
was not warranted considering that subgroups by human papil-
loma virus (HPV) status and geographic region appeared to be
important for the marijuana and cancer association (i.e., com-
bining estimates is not appropriate). For lung cancer, a meta-
analysis was not warranted because most studies did not report
any association and a large consortium pooled analysis had
recently been published. For childhood cancers, the cancers
covered by the studies were very heterogeneous, thus a meta-
analysis was not warranted. Summary ORs were estimated with
the statistical program STATA, version 12.1, by inverse-variance
weighting, using a random-effects model that included a term for
heterogeneity among the studies. Tests for heterogeneity among
the studies were conducted for each analysis.

Results
Four cohort studies and 30 case–control studies were identified

for investigations of marijuana use and cancer risk. They included
11 studies on upper aerodigestive cancers (12–22), six studies on
lung cancer (16, 23–27), three studies on testicular germ cell
tumors (28–30), six studies on childhood cancers (31–36), one
study on all cancers (37), one study on anal cancer (38), one study
on penile cancer (39), two studies on non-Hodgkin lymphoma
(40, 41), one study onmalignant primary gliomas (42), one study
on bladder cancer (43), and one study on Kaposi sarcoma (44).

Upper aerodigestive tract cancer
A hospital-based case–control study of 173 cases and 176

controls in New York reported a 2.6-fold increase [95% confi-
dence interval (CI), 1.1–6.6] in head and neck cancer risk due to
marijuana use (ref. 12; Table 1). Dose–response trends were
observed for both frequency (times per day) and duration (years)
of marijuana use in this study. In contrast, a population-based
study in Washington of 407 cases and 615 controls reported no
association between marijuana use and oral cavity cancer risk
(13). Two small studies in theUnitedKingdom(116and53 cases)

reported no association between oral and oropharyngeal cancer
risk and cannabis smoking, and did not report on any dose–
response trends (14, 15).

In the Los Angeles population-based case–control study, no
increased risk of head and neck cancers [oral cavity (n ¼ 303),
pharynx (n ¼ 100), larynx (n ¼ 90)] or esophageal cancer (n ¼
108) was observed among ever users of marijuana after adjusting
for age, gender, race/ethnicity, educational level, alcohol con-
sumption, and tobacco cigarette smoking (16). No association
between marijuana use among never-tobacco cigarette smokers
and head and neck cancer was observed; however, the risk esti-
mates were not very precise. The limitations of the study were
potential recall bias, downward bias in OR estimation due to
nonparticipation greater in exposed cases than in unexposed
controls, and potential underreporting of past marijuana use.
The strengths of the study included the population-based study
design, collecting thedatawith assurance to the study subjects that
all information provided would be kept confidential, and esti-
mating risk among never-tobacco smokers to minimize the
potential effect of residual confounding by tobacco smoking.

In a case–control study in New Zealand, Aldington and col-
leagues (17) reported no association between ever use of cannabis
and head and neck cancer risk, and no dose–response relation for
joint-years of cannabis use after adjusting for age, sex, ethnicity,
alcohol consumption, income, and pack-years of cigarette smok-
ing. The study included 75 cases age <55 years old and 319
controls matched by age and district health boards in New
Zealand from2001 to 2005. The limitations of this study included
the small sample size and inclusion ofmany head andneck cancer
sites with various etiologies (ex. nasopharyngeal cancer, nasal
cavity cancer). Strengths of this study included the population-
based design and the focus on a cohort of subjects whowere likely
to have higher marijuana prevalence (<55 years old in the study).

Gillison and colleagues (18) reported on a strong association
between marijuana use and HPV-16–positive head and neck
cancer risk after adjusting for race, tobacco smoking, alcohol
drinking, number of teeth lost, frequency of tooth brushing, and
number of oral sex partners in a hospital-based case–control
study. Dose–response relations for number of joints usually
smoked per month and for years of marijuana smoking were
observed. This study included 240 cases and 322 controls
matched by age and sex to each HPV-16–positive and HPV-16–
negative case subject recruited at the JohnsHopkinsHospital from
2000 to 2006. Limitations of this study were potential recall bias,
possible misclassification of tumor HPV status, potential con-
founding by use of other substances, and that the general pop-
ulationmaynot have been represented by the control population.
This is one of the few studies, on the other hand, that has explored
marijuana use for head and neck cancer, stratified on HPV
infection status, which is a strong risk factor for oropharyngeal
cancers.

In the International Head and Neck Cancer Epidemiology
(INHANCE) consortium pooled data analysis, including three
hospital-based case–control studies and two population-based
case–control studies, Berthiller and colleagues (19) did not
observe any associations between smoking marijuana and the
risk of head andneck cancer after adjusting for age, sex, race, study,
education level, and alcohol duration. This pooled analysis
included the Los Angeles study (493 cases and 1,040 controls;
ref. 16) and the Seattle study (407 cases and 615 controls; ref. 13).
The other studies included in the pooled analysis did not publish
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Table 1. Epidemiologic studies on marijuana use and upper aerodigestive tract cancers

Study location,
period, author,
reference Cancer site

Characteristics
of cases

Characteristic of
controls or cohort

Exposure
assessment

Exposure
categories

RR or OR
(95% CI)

Adjustment for
potential
confounders and
other notes

New York,

1992–1994,

Zhang et al.

(12)

Oral cavity,

salivary gland,

nasopharynx,

oropharynx,

hypopharynx,

larynx,

esophagus

173 SCC untreated

cases from hospital,

histologically

confirmed,

Response rate:

90.1%

176 blood donors

without history of

cancer, frequency

matched on age

and sex,

Response rate: 89.8%

Questionnaire

filled by

subject

Ever use

Frequency

0 times/day

1 times/day

>1 times/day

P for trend

2.6 (1.1–6.6)

1.00

4.0 (0.9–17.2)

5.4 (0.9–33)

0.0214

* Adjusted for age,

sex, race,
education, alcohol
use, pack-years of
cigarette smoking,
passive smoking

* Association
stronger for
subjects �55 years

* Dose–response
trends observed for
both frequency
(times per day) and
duration (years) of
marijuana use

Duration

0 years

1–5 years

>5 years

P for trend

1.00

3.9 (0.99–15.0)

4.9 (1.07–22.3)

0.0134

Washington

state, 1985–1995,

Rosenblatt

et al. (13)

Oral (tongue,

gums, floor of

mouth, tonsils,

oropharynx,

other intraoral

sites)

407 carcinoma

in situ and SCC

cases, 18 to 65

years old,

identified from

the cancer

registry,

Response

rate: 54.5% for

1985–1989,

63.3% for

1990–1995

615 subjects from

random digit

dialing, frequency

matched on age

and sex,

Response rate:

63% for

1985–1989,

61% for

1990–1995

Face-to-face

interviews

with a

structured

questionnaire

Ever use

Frequency

Never

<1 year use
<1 times/week

1–7 times/week

>7 times/week

0.9 (0.6–1.3)

1.00

1.0 (0.6–1.8)

0.8 (0.5–1.4)

0.8 (0.4–1.6)

0.5 (0.2–1.6)

* Adjusted for birth

year, sex,
education, alcohol
consumption,
pack-years of
cigarette smoking,
study

* Data are from 2
studies, one
conducted in 1985–
1989, the other in
1990–1995

* Included in the
Berthiller et al.
pooled analysis
(19) andMarks et al.
pooledanalysis (21)

Duration

Never

<1 year
1 year

2–5 years

6–15 years

>15 years

1.00

0.8 (0.4–1.2)

0.2 (0.1–0.7)

1.3 (0.6–2.6)

0.7 (0.4–1.4)

1.2 (0.6–2.2)

UK, 1990–1997,

Llewellyn et al.

(14)

Oral,

oropharynx

116 SCCs of the

oral cavity and

oropharynx,

�45 years old,

identified from

the cancer

registry,

Response

rate: 59%

207 patients

without cancer,

matched

individually to

case by age,

sex, residence.

Response rate:

not available.

Questionnaire

filled by

subject

Ever use

Overall

Men

Women

1.0 (0.5–2.2)

0.9 (0.4–2.2)

1.7 (0.4–7.0)

* Adjusted for age,

sex, residence,
alcohol, and
cigarette smoking

* Dose–response
assessment not
reported

UK, 1999–2001,

Llewellyn

et al. (15)

Oral,

oropharynx

53 SCCs of the oral

cavity and

oropharynx, �45

years old, identified

from the cancer

registry,

Response rate: 80%

91 patients without

cancer, matched

individually to case

by age, sex,

residence.

Response rate: not

available.

Questionnaire

filled by

subject

Ever use

Overall

Men

Women

0.3 (0.1–1.8)

0.3 (0.1–3.9)

0.7 (0.1–184.9)

* Adjusted for age,

sex, residence,
alcohol, and
cigarette smoking

* Dose–response
assessment not
reported

Los Angeles,

1999–2004,

Hashibe

et al. (16)

Head and neck

cancer (oral

cavity, pharynx,

and larynx) and

esophageal

cancer (19)

303 oral cavity, 100

pharyngeal, 90

laryngeal cancer,

and 108 esophageal

cancer cases from

the cancer registry

Response rates: Oral

cancer: 54%

Pharyngeal cancer:

45% Laryngeal

cancer: 42%

Esophageal cancer:

35%

1,040 cancer-free

controls matched to

cases on age,

gender, and

neighborhood. LA

residents age 18 to

65. Response rate:

72%

Questionnaires

by

interviewers

Oral cancer

Never

>0 to <1 joint-years
1 to <10 joint-years

�10 joint-years

Pharyngeal cancer

Never

Ever

Laryngeal cancer

Never

Ever

Esophageal cancer

Never

Ever marijuana use

Never smokers

1

0.93 (0.53–1.6)

1.5 (0.68–3.5)

1.8 (0.69–4.7)

1

0.92 (0.41–2.10)

1

1.2 (0.26–5.5)

1

0.79 (0.30–2.1)

* Adjusted on age,

gender, race/
ethnicity,
educational level,
alcohol
consumption

* Estimates shown
are for never
smokers

* Included in the
Berthiller et al.
pooled analysis
(19) andMarks et al.
pooledanalysis (21)
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Table 1. Epidemiologic studies on marijuana use and upper aerodigestive tract cancers (Cont'd )

Study location,
period, author,
reference Cancer site

Characteristics
of cases

Characteristic of
controls or cohort

Exposure
assessment

Exposure
categories

RR or OR
(95% CI)

Adjustment for
potential
confounders and
other notes

New Zealand,

2001–2005,

Aldington

et al. (17)

Oral cavity,

oropharynx,

nasopharynx,

hypopharynx,

pharynx, nasal

cavities

75 cases, <55 years

old, from the New

Zealand Cancer

Registry and hospital

databases

Response rate: 76%

319 controls from

electoral roll,

frequency matched

by age, and district

health boards

Response rate: 66%

Questionnaires by

interviewers

Ever cannabis use

Joint-years

None

1st tertile (<1)
2nd tertile (1–8.3)

3rd tertile (<8.3)
P for trend

1.0 (0.5–2.3)

1.0

0.4 (0.1–2.2)

1.2 (0.3–4.2)

1.6 (0.5–5.2)

0.57

* Adjusted on age,

sex, ethnicity,
alcohol
consumption,
income, pack-years
of cigarette
smoking

Baltimore, MD,

2000–2006,

Gillison et al. (18)

Head and neck

squamous cell

carcinomas (oral

cavity, paranasal

sinus, pharynx,

larynx, unknown

primary head

and neck)

240 cases from a

hospital

Response rate: 77%

Two control

subjects

(n ¼ 322) matched

by age and sex to

each HPV-16–

positive andHPV-16–

negative case

subject from

outpatient Response

rate: 70%

Auto computer-

assisted self-

interview

Joint-years

HPV-16 positive

0 joint-years

1–4 joint-years

5–14 joint-years

�15 joint-years

P for trend

HPV-16 negative

0 joint-years

1–4 joint-years

5–14 joint-years

�15 joint-years

P for trend

1.0

2.0 (0.76–5.2)

6.0 (1.2–29)

6.4 (1.6–26)

0.003

1.0

1.0 (0.41–2.5)

1.7 (0.41–7.4)

2.0 (0.50–7.8)

0.29

* Adjusted on race,

tobacco use,
alcohol use, tooth
loss, frequency of
tooth brushing, and
number of oral sex
partners

* Dose–response
relations observed
for both frequency
(joints/month;P for
trend¼ 0.007) and
duration (years; P
for trend ¼ 0.011)
among HPV-16–
positive patients

South America and

United States,

1985–2006,

Berthiller et al. (19)

Head and neck

cancer (oral

cavity, pharynx,

and larynx)

4,029 cases of head

and neck cancers

from five case–

control studies

within the INHANCE

Consortium

Response rates:

Seattle, WA:

54%, 63%

Tampa, FL: 98%

Los Angeles,

CA: 49%

Houston, TX: 95%

Havana, Buenos:

95%

5,015 controls of

head and neck

cancers from five

case-control studies

within INHANCE

Consortium

Response rate:

Seattle,WA:63%,61%

Tampa, FL: 90%

Los Angeles, CA: 68%

Houston, TX: 80%

Havana, Buenos: 86%

Pooled

self-reported

questionnaire

data

Joint-years

Oral cavity

Never

>0–2 joint-years

>2–5 joint-years

>5 joint-years

P for trend

Pharynx

Never

>0–2 joint-years

>2–5 joint-years

>5 joint-years

P for trend

Larynx

Never

>0–2 joint-years

>2–5 joint-years

>5 joint-years

P for trend

1.00

0.73 (0.50–1.08)

0.68 (0.32–1.46)

0.73(0.46–1.16)

0.07

1.00

1.15 (0.68–1.94)

1.29 (0.45–3.75)

1.03 (0.47–2.26)

0.76

1.00

0.84 (0.52–1.36)

0.31 (0.09–1.07)

1.20 (0.77–1.85)

0.75

* Age, sex,

education, race/
ethnicity, study
center, pack-years,
duration of
smoking pipe,
duration of
smoking cigar, and
duration of alcohol
drinking in years

* Dose–response
trends were not
observed for
frequency or
duration of
marijuana use

* Included the
published Los
Angeles study (16)
and Seattle study
(13)

Boston, MA,

1999–2003,

Liang et al. (20)

Head and neck

squamous cell

carcinoma

434 cases identified

from clinics and

departments at nine

medical facilities in

Greater Boston, MA.

Age>18

Response rate: 88%

547 controls

matched to cases

on age, gender, and

town of residence,

randomly selected

from Massachusetts

town books.

Response rate: 47%

Self-administered

questionnaire.

Lifetime marijuana

(times/week � years)

None

>0 to <5
5 to <15
15 to <90
�90

P for trend

Never smokers

Ever marijuana use

1.00

0.63 (0.34–1.17)

0.36 (0.18–0.69)

0.53 (0.30–0.94)

0.78 (0.41–1.47)

0.03

0.48 (022–1.06)

* Adjusted for age,

gender, race,
education, HPV-16
serology, family
history of cancer,
smoking pack-
years, and average
alcohol drinks per
week

* Dose–response
trends were
observed for both
frequency (times
per week) and
duration (years) of
marijuana use and
head and neck
cancer risk

(Continued on the following page)
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their results separately. Investigation of the frequency of mari-
juana smoking (times per day) or duration (years) did not show
any dose–response relations. The pooled analysis included 4,029
cases and 5,015 controls fromNorth America and South America.
Associations were not detected in an analysis restricted to never-

tobacco users. The limitations of this study included potential
recall bias because all the studies were case–control in design,
fairly low prevalence of marijuana use in the study population,
and possible differential misclassification of the exposure across
countries or region due to different reporting of marijuana

Table 1. Epidemiologic studies on marijuana use and upper aerodigestive tract cancers (Cont'd )

Study location,
period, author,
reference Cancer site

Characteristics
of cases

Characteristic of
controls or cohort

Exposure
assessment

Exposure
categories

RR or OR
(95% CI)

Adjustment for
potential
confounders and
other notes
* Decreased risk of

head and neck
cancer was
observed among
HPV-negative
individuals, with
dose–response
observed for
frequency (P trend
¼ 0.02)

* Included in the
Marks et al. pooled
analysis (21)

Seattle, Latin

America,

Boston,

Los Angeles,

North Carolina,

1983–2013,

Marks et al. (21)

Oropharyngeal

and oral

tongue cancer

1,921 oropharyngeal

cases and 356 oral

tongue cases from 9

case–control studies

within INHANCE

Consortium

Response rate:

N/A

7,639 controls

from 9

case–control

studies within

INHANCE

Consortium

Response rate:

N/A

Pooled

self-reported

questionnaire

data

Joint-years

Oropharyngeal

Never

>0–1 joint-years
2–19 joint-years

>10 joint-years

P for trend

Oral tongue

Never

>0–1 joint-years
2–19 joint-years

>10 joint-years

P for trend

1.0

1.12 (0.87–1.45)

1.34 (1.04–1.71)

1.14 (0.85–1.2)

0.055

1.0

0.39 (0.18–0.88)

0.64 (0.31–1.29)

0.31 (0.11–0.89)

0.004

* Adjusted for age,

sex, race,
education level,
ever use of
tobacco, ever use
of cigar/pipes,
pack-years of
tobacco smoking,
and alcohol-year

* Dose–response
relations for
frequency (use per
week) and duration
(years) were
observed for both
oropharyngeal and
oral tongue cancers
(13, 16)

* For never-tobacco
users and never-
alcohol drinkers,
the estimates for
individual exposure
categories were
not significant;
however, the trend
for cumulative
exposure was
significant, and the
risk estimate for
>10 joint-years was
3.94 (0.59–26.3)

* Included the
published Seattle
(13), Boston (20),
and Los Angeles
(16) studies

North Africa,

2002–2005,

Feng et al. (22)

Nasopharyngeal

carcinoma (NPC)

636 cases identified

from five hospitals

by clinicians in the

oncology and

radiotherapy

departments

Response rate: N/A

615 controls from

Algeria, Morocco,

and Tunisia. Matched

by center, age, sex,

and childhood

household type

(urban/rural)

Response rate: N/A

Interviews Lifetime frequency

in men

Never

<2,000 times

� 2,000 times

Never

Smoking cannabis

Smoking cannabis

with tobacco

1.00

1.86 (0.79–4.36)

2.62 (1.00–6.86)

1.00

0.97 (0.37–2.52)

1.94 (0.96–3.92)

* Adjusted for age,

socioeconomic
status, dietary
factors, and
cigarettes smoked
per day

Abbreviation: SCC, squamous cell carcinoma.
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consumption. The strengths of this study included a large sample
size, fairly high response rates, and adjustment on the same set of
factors which would not be possible in a meta-analysis. The key
strength is the reporting of estimates among never-tobacco users
and never-alcohol users, which is difficult in individual studies
due to limited sample sizes because the majority of patients with
head and neck cancer are tobacco smokers and drinkers.

Liang and colleagues (20) observed adecreased risk of head and
neck squamous cell cancer with marijuana use in a population-
based case–control study of 434 cases and 547 controls matched
to cases on age, gender, and town of residence in Boston from
1999 to 2003. ORs were adjusted for age, gender, race, education,
family history of cancer, HPV-16 serology, smoking (pack-years),
and average drinks of alcohol per week. Dose–response relations
were observed for frequency, duration, cumulative exposure,
years since last marijuana use and age at start of marijuana use,
and the risk of head and neck cancer. The limitations of this study
include potential recall bias, possible residual confounding when
adjusting on tobacco, and no differentiation between the subsites
for head and neck cancers. Strengths of this study include adjust-
ment and stratification on HPV-16 antibody status, tobacco and
alcohol, and identification of dose–response trends.

In another INHANCE pooled data analysis, focusing on 1,921
oropharyngeal cases and 356 oral tongue cases and 7,639 con-
trols, Marks and colleagues observed a possible increased risk in
oropharyngeal cancer and a possible decreased risk in oral tongue
cancer due to marijuana use with dose–response trends for both
frequency and duration. The analysis included nine case–control
studies from Baltimore, Seattle (407 cases and 615 controls;
ref. 13), Latin America, Boston (434 cases and 547 controls;
ref. 20), Los Angeles (493 cases and 1,040 controls; ref. 16), and
North Carolina, which recruited subjects from 1985 to 2013 (21).
The previous INHANCE report (19) had included 5 of these case–
control studies; thus, 765 of the 1,921 oropharyngeal cancer cases
and 211 of the 356 oral tongue cases had been included in the
previous analysis. The OR estimates were adjusted for age, sex,
race, education level, ever use of tobacco, ever use of cigar/pipes,
pack-years of tobacco smoking, and alcohol-year. When restricted
to never-tobacco users and never-alcohol drinkers, the estimates
for individual exposure categories were not significant; however,
the trend for cumulative exposure was significant, and the risk
estimate for > 10 joint-years was 3.94 (0.59–26.3). The OR for
marijuana use adjusting on HPV status in the select studies with
HPV data available suggested no association overall, although a
decreased risk was observed for individuals who were HPV-16
negative. Limitations of this study were potential recall bias and
differentmeasurements ofmarijuana across the studies. Strengths
of this study were the large sample size due to the data pooling
efforts, and stratified analysis by tobacco and alcohol, and adjust-
ment and stratification on HPV where possible.

In the case–control study of nasopharyngeal cancer, Feng and
colleagues (22) reported an increased risk between cannabis
consumption of 2,000 times or more in a lifetime, and nasopha-
ryngeal cancer risk in men after adjusting for age, socioeconomic
status (SES), dietary factors, and cigarette smoking frequency.
However, smoking cannabis alone did not appear to confer an
increased risk of nasopharyngeal cancer (OR, 0.97; 95%CI, 0.37–
5.52). This study included 636 cases and 615 controls in North
Africa recruited between 2002 and 2005. Limitations of this study
include potential recall bias, potential bias due to the inclusion of
prevalent cases, using hospital controls, possible underestimation

of cannabis consumption, the nearly universal reporting of tobac-
co cigarette smoking among cannabis users, and inability to
disentangle effects of cannabis when mixed with tobacco and
smoked in the form of a kif. Strengths of this study included the
large sample size, adjustment for cigarette smoking, and the dose
response observed for frequency and lifetime cannabis use.

Lung cancer
The six lung cancer studies were conducted in Los Angeles (16),

Northern Africa (23, 24), New Zealand (25), Sweden (26), and in
multiple locations for a pooled analysis (ref. 27; Table 2). Hsairi
and colleagues (23) reported that cannabis use increased the risk
of lung cancer by 8.2-fold (95% CI, 1.3–15.5) in a case–control
study of 110 cases and 100 controls in Tunisia. Dose–response
relations were not assessed in this study to our knowledge.
Adjustments were made for age, sex, cigarettes smoked per day,
water pipe use, and snuff use. Tobacco is mixedwithmarijuana in
this region; thus, disentangling the effects ofmarijuana is difficult.

In the Los Angeles population-based case–control study of 611
lung cancer cases, dose–response relations were not observed
between marijuana use and lung cancer after adjusting for age,
gender, race/ethnicity, educational level, alcohol consumption,
and cigarette smoking (16). In the analysis restricted to never-
cigarette smokers, theORs did not suggest an association between
marijuana use and lung cancer. Strengths and limitations of this
study were discussed above.

Berthiller and colleagues (24) pooled data from three separate
hospital-based case–control studies, including 430 cases and 755
controls from Tunisia (45), Morocco (46), and Algeria, and
reported an increased risk of lung cancer for ever marijuana use.
Dose–response relations were not observed for frequency or
duration alone, but a dose response was observed for cumulative
joint-year exposure to cannabis. Limitations of the study include
different questions used to assess marijuana use across the three
studies, difficulty in separating out tobacco because all cannabis
users were tobacco smokers, and in this region tobacco ismixed in
with the cannabis. Strengths of the study include the increased
sample size due to the data pooling approach, careful adjustment
for tobacco use, and dose–response relations observed for cumu-
lative exposure. The Voirin and colleagues study in Tunisia (45)
and Sasco and colleagues study in Morocco (46) will not be
reviewed separately because the entire data were included in the
pooled analysis, and the analytic approach and results were very
similar to the pooled study it contributed to.

In the New Zealand case–control study of lung cancer, Alding-
ton and colleagues (25) reported an increased risk of lung cancer
in young adults (<55 years) due to heavy cannabis use (>10.5
joint-years) after adjusting for age, sex, ethnicity, a family history
of lung cancer, pack-years of cigarette smoking. Dose–response
relations were observed for joint-years of cannabis use. The study
of lung cancer included 79 cases and 324 controls matched in 5-
year age groups in New Zealand between 2001 and 2005. The
limitations of the study were a fairly small sample size (only 4
controls and 14 cases in the subgroup with >10.5 joint-years of
cannabis use), resulting in imprecise estimates of risk in this
subgroup, and potential recall bias. The strengths of the study
included the population-based design, and dose response iden-
tified for cumulative joint-years of cannabis exposure.

The cohort study on lung cancer included 48,321 young men
ages 18 to 20 years old during military conscription in Sweden
from 1969 to 2009 (26). Ever cannabis smoking was not clearly
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Table 2. Epidemiologic studies on marijuana use and lung cancer

Study location,
period, author,
reference

Characteristics
of cases

Characteristic of
controls or cohort

Exposure
assessment

Exposure
categories

RR or
OR (95% CI)

Adjustment for
potential
confounders and
other notes

Tunisia, 1988–1989,
Hsairi et al. (23)

110 cases diagnosed
in a hospital,
70.0% have
histological
confirmation,
97.3% male.
Response rate:
N/A

110 residents in
Tunisia,
individually
matched on age,
sex, and average
number of
cigarettes/day
Response rate:
N/A

Face-to-face
interviews with
questionnaire

Cannabis use 8.2 (1.3–15.5) * Adjusted for age,
sex, number of
cigarettes/day,
water pipe use, and
snuff use

* "Cannabis use"
was not defined.
Assessment of
dose–response
relations not
reported

Los Angeles, CA,
1999–2004,
Hashibe et al. (16)

611 lung cancer
cases from the
cancer registry
Response rate:
39%

1,040 cancer-free
controls matched
to cases on age,
gender, and
neighborhood.
LA residents age
18 to 65.
Response rate:
72%

Subjects were
interviewed
face-to-face
with a
standardized
questionnaire

Never
� 0 to 1 joint-years
�1 joint years

Never smokers
0.44 (0.21–0.92)
1.1 (0.48–2.6)

* Adjusted for age,
gender, race/
ethnicity,
educational level,
and alcohol
consumption

* Estimates shown
are for never
smokers

* Included in the
Zhang et al. pooled
analysis (27)

Tunisia, Morocco,
Algeria, 1996–
2004, Berthiller
et al. (24)

430 cases from
hospitals from 3
studies
Response rate:
N/A

755 hospital-based
controls
Response rate:
N/A

Pooled self-
reported
questionnaire data

Ever cannabis use
Joint years
Never
>0 to <2 joint-years
�2 joint-years

2.4 (1.5–3.7)

1.00
1.76 (0.81–3.82)
3.44 (1.51–7.86)

* Adjusted on age,
occupational
exposure, country,
years of tobacco
smoking

* Estimates by
frequency and
duration did not
show any dose
response (not
presented in
paper)

* Includes data from
Voirin et al. (45)
and Sasco et al.
(46)

New Zealand, 2001–
2005, Aldington
et al. (25)

79 cases identified
from the New
Zealand Cancer
Registry and
hospital
database.
Age < 55 years.
Response rate:
77%

324 controls
matched in 5-year
age groups and
district health
boards
Response rate:
66%

Interviewer-
administered
questionnaires

Cannabis use
Joint-years
Nonsmoker
First tertile (<1.39)
Second tertile
(1.39–10.5)

Third tertile (>10.5)

1.0
0.3 (0.1–1.7)
0.5 (0.1–2.0)

5.7 (1.5–21.6)

* Adjusted for age,
sex ethnicity, pack-
years of cigarette
smoking, and
family history of
lung cancer

* For ever joint-year
increase, RR¼ 1.08
(95% CI ¼ 1.02–
1.15)

* Included in the
Zhang et al. pooled
analysis (27)

Sweden, 1969–
2009, Callaghan
et al. (26)

179 lung cancer
cases

Cohort of 49,321
youngmen age 18
to 20 years old in
military
conscription

Self-reported
questionnaires.
The 1969 to 1970
conscription
collected
information about
alcohol anddruguse

Ever Cannabis
smoking

Lifetime frequency
Never
Once
2–4 times
5–10 times

1.25 (0.84–1.87)

1.00
1.52 (0.77–3.01)
0.66 (0.27–1.62)
0.68 (0.21–2.16)

* Adjusted for
cigarette smoking
(frequency),
alcohol
consumption,
respiratory
conditions,

(Continued on the following page)
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associated with lung cancer risk. The authors noted that a clear
dose–response relationship was not present after adjusting for
tobacco smoking, level of alcohol consumption, respiratory con-
ditions, and conscripts' SES in 1970. An increased lung cancer risk
was observed for men who smoked cannabis more than 50 times
by the time of conscription (26). Limitations of this study include
self-report of cannabis smoking at conscription which was not
anonymized and may lead to underreporting. Other limitations
include lackofdetailed informationof useonpatterns of cannabis
or tobacco before conscription and after conscription, misclassi-
fication biases of unmeasured postconscription changes in mar-
ijuana or tobacco use, and potential residual confounding due to
tobacco smoking because 91% of the cannabis smokers were also
tobacco smokers. Theywere not able to adjust for true lifetime use
of tobacco including use during the 40-year follow-up period, but
adjustedonly for tobacco useup to the timeof conscription at ages
18 to 20 years in this study. The authors noted that it is also
possible that tobacco was mixed with cannabis, although the
habits and culture at the time (1969–70) are unclear. The
strengths of this study were the cohort design, large sample size
of the cohort, and having a long follow-up period of 40 years.

In a pooled data analysis of lung cancer including of 6 case–
control studies, Zhang and colleagues (27) reported that
there were no dose–response relationships observed between
cannabis smoking and lung cancer after adjusting for age, sex,
highest education, and study, reporting on never-tobacco smo-
kers. This pooled analysis included 2,159 cases and 2,985
controls from studies conducted in Los Angeles (16), New York,
Florida, Canada, the United Kingdom, and New Zealand (25).
The Los Angeles (611 cases/1,040 controls) and New Zealand
(79 cases and 324 controls) studies reviewed here were included
in this pooled analysis. The four other studies included in the
pooled analysis did not publish their results on marijuana
use, to our knowledge. The limitations of this study were
potential recall bias and the heterogeneity of marijuana expo-
sure assessment across the studies. The strengths of this study
consisted of the large sample size due to data pooling efforts, and
the investigation of lung cancer risk among never-tobacco
smokers.

Testicular cancer
In a population-based case–control study of testicular cancer,

Daling and colleagues (28) observed an association between ever
marijuana use and testicular cancer after adjusting for age, refer-
ence year, alcohol use, current smoking, and history of cryptor-
chidism (Table 3). Increased testicular cancer risks were observed
in categories of frequency and duration of marijuana use for
current marijuana users, although dose–response relations were
not obvious. The study included 369 cases ages 18 to 44 years old
and 979 age-matched controls who resided in the same three
counties in the United States from 1999 to 2006. The limitations
of this study consisted of potential recall bias due to self-report of
use of marijuana and a small number of categories of marijuana
use. The strengths of this study were that this is the largest
testicular cancer study published to date and had a population-
based design.

Trabert and colleagues (29) reported that there was an
increased risk of testicular cancer with daily marijuana use after
adjusting for age, race, alcohol use, cigarette smoking, and history
of cryptorchidism. The study included 187 cases and 148 controls
from Texas, Louisiana, Arkansas, and Oklahoma from 1990 to
1996. The limitations of this study were potential recall bias,
inability to evaluate current use with data because only less <10%
of their study population reported current marijuana use, and
difficulty interpreting the temporal relationship between mari-
juana and testicular germ cell tumors.

Lacson and colleagues (30) observed an increased risk of
testicular cancer with marijuana use after adjusting for cocaine
use, amyl nitrite use, cryptorchidism, religiosity, and education.
This study included 163 cases and 292 controls matched on
age, race/ethnicity, and neighborhood in Los Angeles country
from 1986 to 1991. Higher testicular cancer risk was observed
in the lower frequency and duration categories, although the
differences were not statistically significant. Limitations of
this study were potential recall bias, and a small number of
categories for the frequency of use of marijuana. Strengths
of this study were that the categories used in the other two
testicular cancer studies were similar and thus more easily
comparable.

Table 2. Epidemiologic studies on marijuana use and lung cancer (Cont'd )

Study location,
period, author,
reference

Characteristics
of cases

Characteristic of
controls or cohort

Exposure
assessment

Exposure
categories

RR or
OR (95% CI)

Adjustment for
potential
confounders and
other notes

11–50 times
> 50 times

1.68 (0.77–3.66)
2.12 (1.08–4.14)

socioeconomic
status

* Duration of use
was not available

US, Canada, UK, and
New Zealand,
2010, Zhang et al.
(27)

2,159 cases from 6
case–control
studies in the lung
cancer (ILCCO)
consortium
Response rate:
N/A

2,985 controls from
6 case–control
studies in the lung
cancer (ILCCO)
Consortium
Response rate:
N/A

Pooled self-
reported
questionnaire data

Never-tobacco
smokers

Nonhabitual
cannabis smoker

Habitual
Joint-years
<1 joint-years
1 to <10 joint-years
�10 joint-years
Continuous joint-
years

1.00

1.03 (0.51–2.08)

1.00
1.26 (0.57–2.75)

0.54 (0.12–2.55)
1.00 (0.93–1.07)

* Adjusted for age,
sex, race, highest
education, and
study

* Estimates
presented are for
never-tobacco
smokers

* Included the
published studies
from Los Angeles
(16) and New
Zealand (25)
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We conducted a meta-analysis of these three studies (Table 4)
and observed no association with ever use of marijuana and
testicular cancer risk.However, for theupper category of frequency
of marijuana use, a 1.56-fold (95% CI, 1.09–2.23) increase in
testicular cancer risk was observed. Similarly, for 10 ormore years
ofmarijuana smoking, a 1.5-fold (95%CI, 1.08–2.09) increase in
testicular cancer risk was observed.

Childhood cancers
Five of the six studies on childhood cancers and marijuana use

were based on the Children's Cancer Study group. Parental
marijuana use during the gestational period was associated with
childhood leukemia (31, 32), astrocytoma (33), and rhabdomyo-
sarcoma (ref. 34; Table 5). These studies shared limitations such as

small numbers of exposed cases, possible exposure misclassifica-
tion due to the potential recall bias, and no dose–response
assessments. Strengths consisted of large sample size and infor-
mation on use of specific recreational drugs within specific time
periods relative to pregnancy and birth.

In the case–control study of childhood acute myelogenous
leukemia, Trivers and colleagues (35) observed no association
of childhood acute myeloid leukemia with parental marijuana
use. This study included 638 cases who were age <18 years old
and 610 controls matched on age and resident location in
Washington State from 1999 to 2006. Although paternal ever
marijuana use appeared to be associated with the risk of child-
hood acute myelogenous leukemia, assessment of specific time
periods relative to the pregnancy and birth did not support an
association. Furthermore, frequency of maternal marijuana use
was not associated with leukemia risk.

In the case–control study of childhood neuroblastoma,
Bluhm and colleagues (36) did not observe an association of
an increased risk of childhood neuroblastoma after adjusting
for household income in the year of birth and age at diagnosis
in three categories and other drugs used. An increased risk of
neuroblastoma was observed for maternal marijuana use in the
first trimester, with 4-fold increases in risk for the categories of
frequency of use. The study of childhood neuroblastoma
included 538 cases and 504 controls matched on age in North
America from 1992 to 1994.

Table 3. Epidemiologic studies on marijuana use and testicular cancer

Study location,
period, author,
reference

Characteristics of
cases

Characteristic of
controls or cohort

Exposure
assessment

Exposure
categories RR or OR (95% CI)

Adjustment for
potential
confounders and
other notes

Washington State,
1999–2006,
Daling et al. (28)

369 cases ages 18 to
44 years

Response rate:
67.5%

979 age-matched
controls who
resided in the
same 3 countries

Response rate:
52.2%

Interviewer-
administered
questionnaires

Frequency
Daily or � 1 d/week
Less than once/week
Duration
<10 years
�10 years

2.0 (1.3–3.2)
1.4 (0.9–2.3)

1.8 (1.0–3.3)
1.6 (1.1–2.5)

* Adjusted for age,
reference year,
alcohol use,
current smoking,
history of
cryptorchidism

Texas, Louisiana,
Arkansas, or
Oklahoma, 1990–
1996, Trabert
et al. (29)

187 cases from
hospital-based
cased–control
study at University
of Texas M.D.
Anderson Cancer
Center.Age18to50

Response rate: N/A

148 controls from
hospital-based
case–control
study at
University of
Texas M.D.
Anderson Cancer
Center

Response rate: N/A

A self-administered
questionnaire
ascertaining
demographics,
lifestyle habits,
medical history,
and diet.

Frequency
Never
<1/day
Daily or >1/day
Duration
<10 years
�10 years

1.0
0.5 (0.3–0.9)
2.2 (1.0–5.1)

0.6 (0.3–1.0)
1.2 (0.6–2.8)

* Adjusted for age,
race, alcohol use,
cigarette smoking,
and history of
cryptorchidism

Los Angeles, 1986–
1991, Lacson et al.
(30)

163 cases identified
in the LosAngeles
Cancer Registry,
age 18 to 35

Response rate: 81%

292 controls
matched on age,
race/ethnicity,
and
neighborhood

Response rate:
78.7%.

An interview using
structured
questionnaires

Frequency
<1 per week
�1 per week
Duration
<10 years
�10 years

2.10 (1.09–4.03)
1.53 (0.73–3.24)

2.09 (1.09–3.98)
1.51 (0.66–3.47)

* Adjusted on
cryptorchidism,
education,
religiosity, and
reported use of
cocaine, and amyl
nitrite

* Crude ORs did not
show any
associations

* Duration among
former users
appeared to show
the strongest
associations with
marijuana use

Table 4. Meta-analysis of three studies on marijuana use and testicular cancer

OR (95% CI)
P for
heterogeneity

Ever use 1.19 (0.72–1.95) 0.033
Frequency
Never 1.00
<1 day or week 1.28 (0.51–3.22) <0.001
�1 day or week 1.56 (1.09–2.23) 0.640

Duration
Never 1.00
<10 years 1.31 (0.60–2.84) 0.008
�10 years 1.50 (1.08–2.09) 0.812
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Other cancers
In a large cohort study of 64,855 individuals in California,

marijuana use was not associated with cancer risk nor with
tobacco-related cancers, after adjustment for age, race, educa-
tion, alcohol use, and cigarette smoking (ref. 37; Table 6). In the
subgroup analysis of never-tobacco smokers,marijuanausewas
associated with an increased risk of prostate cancer and cervical
cancer. Dose–response relations with frequency and duration
of marijuana use were not observed with cancer risk nor with
the risk of specific cancer sites. Daling and colleagues (38)
reported on 148 anal cancer cases and reported no association
with evermarijuana use when compared with 166 colon cancer
cases. Penile cancer risk was also not associated with marijuana
use according to a study of 110 cases and 355 controls (39).

The two case–control studies on non-Hodgkin lymphoma
reported on null to possibly protective associations (40, 41). In
the study including 1,281 cases and 2,095 controls fromNorth-
ernCalifornia, a 50% reduction in risk formenwas observed for
a 1,000 or more times marijuana use and a 40% reduction in
risk for women was observed for 40 to 999 times of marijuana
use (41). However, protective associations were also observed
for sexual behaviors and cocaine use; thus, it is unclear whether
the associations between marijuana use and lymphoma risk
were due to residual confounding.

In another California cohort of 105,005 individuals, marijua-
nause at a frequencyofoneormore timespermonthappeared to
increase the risk of malignant primary glioma (42) after adjust-
ment for smoking status, sex, race, alcohol, education, and coffee
intake. Although the cohort design was a strength, the small
number of cases (n ¼ 69) was a limitation in the study.

In the case–control study of transitional cell carcinoma of
bladder, Chacko and colleagues (43) observed a significant
association of transitional cell carcinoma and marijuana after
adjusting for agent orange exposure, radiation exposure, and
dye exposure, with dose–response relations. The study of tran-
sitional cell carcinoma included 52 cases age <60 years old and
168 controls in the United States. The limitations of this study
were small sample size, potential recall bias due to self-report,
and lack of adjustment on tobacco smoking which is an
established risk factor for bladder cancer.

The Kaposi sarcoma cohort studywas a U.S.multicenter study
of natural-treated histories of HIV-1 infection in men who have
sex with men (44). The study was started in 1984 and had three
recruitment periods with emphasis on enrolling more ethnically
diversemen in the later periods: 1984 to1985,1987 to1991, and
2001 to2003.Of the 1,335whitemen included in the study, 401
Kaposi sarcoma cases were identified and included in the anal-
ysis.Recentuseofanyof fourdrugs (marijuana, cocaine,poppers,
and amphetamine)was not associatedwithKaposi sarcoma risk,
after adjusting for age, college education, study center, alcohol
use, tobacco smoking, number of male sexual partners since the
last study visit, lifetime number of sexual partners, receptive anal
intercourse and condom use, antiretroviral therapy, CD4 cell
count, and sexually transmitted infection score. Limitations of
this studywere the self-report of drugs, prespecified categories for
frequencies of marijuana use, and lack of consistent testing for
HHV-8 from all participants which lead to many individuals
being excluded from the analysis. Strengths of this study were
large sample size, having a long follow-up period, the ability to
examine the effect of substance use from different exposure
periods, and adjusting for multiple potential confounders.Ta
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Discussion

The largest number of studies for a cancer site under investi-
gation for the impact of marijuana use appears to involve head
and neck cancer. There were a total of 8 case–control studies and 2
pooled analysis studies on head and neck cancer and marijuana
use. One study reported an increased risk (12), five studies
reported no association (13–17), and one study reported a
decreased risk of head and neck cancer (20). Of the five studies
reporting no association, two of the studies were very small in
sample size (<100 cases) and may have limited power to detect
associations. Gillison and colleagues (18) reported no association
between marijuana use and head and neck cancer for HPV-16–
negative patients and an increased risk for HPV-16–positive
patients. Thepooled analyses have reportednooverall association
for head and neck cancer (19), but a possible increased risk with
dose response for oropharyngeal cancer and a decreased risk for
oral tongue cancers (21). In the head and neck cancer pooled
analysis (19), two of the published studies (13, 16) out of the five
studies pooled were included, whereas the oropharyngeal/oral
tongue pooled analysis included 3 published studies (13, 16, 20)
out of the 9 studies pooled. The evidence is inconsistent but may
be consistent with no association or with opposite directions of
association depending on subgroups of populations. The three
studies that investigated HPV and marijuana on the risk of head
and neck cancer suggest that HPV may be a modifying factor
betweenmarijuana use andhead andneck cancer risk (18, 20, 21).

For lung cancer, there are three published case–control studies
(16, 23, 25), one cohort study (26), and two pooled analysis
studies (24, 27). The North African studies are consistent in
reporting increased risks of lung cancer (23, 24) with dose–
response relations. However, tobacco is mixed with cannabis in
the region; thus, it is difficult to rule out residual confounding by
tobacco smoking. The study in New Zealand (25) reported an
increased riskwith dose response for cumulative exposure, where-
as the study in Los Angeles reported no association (16). Both of
these studies were included in the lung cancer consortium pooled
analysis, which was recently published (27), and reported no
overall association and no dose–response relations. The cohort
study on lung cancer reported an increased risk for marijuana use
with a dose–response for the number of times used in a lifetime,
but "lifetime" use was assessed only up until the ages of 18 to 20
years with no information on subsequent use over the �40-year
follow-up period and no dose–response for frequency. The
lung cancer studies appear to be consistent with no association
with marijuana, although affirming no association is inherently
difficult.

Highest exposure categories as presented in studies on
marijuana use and lung cancer ranged from ">50 lifetime
frequency" (i.e., approximately 1 joint/week for one year, or
1/7 joint-year) in one study, "> 1 or 2 joint-years" in two
studies, to "> 10 joint-years" in two other studies. Even the 10
joint-years of cumulative lifetime use of marijuana would
translate into only 0.5 pack-years of cigarette smoking, assum-
ing similar carcinogenic potency and similar amount of tobac-
co used in joints and cigarettes. In most studies on tobacco
smoking and lung cancer, such a cumulative exposure would
be classified as never smoker. Further, assuming a relative risk
of 1.2 for lung cancer for a cumulative cigarette smoking of 2
to 4 pack-years, and making the same assumptions as above, a
similar relative risk of lung cancer would require 40 to 80

joint-years of marijuana use, a lifetime use hardly seen in any
of the studies reviewed here.

That marijuana smoking may be a risk factor for the develop-
ment of cancer is suggested by several lines of evidence. First, the
tar phase ofmarijuana smoke contains at least similar amounts of
some procarcinogenic polycyclic aromatic hydrocarbons (PAH),
including benz(a)pyrene and benzanthracene, to those of the
tar obtained from the smoke of the same quantity of tobacco (47–
49). Second, although marijuana is generally smoked in lower
amounts than tobacco, the prolonged breathholding time during
marijuana smoking and the reduced rod filtration due to more
loosely packed marijuana lead to a 4-fold increase in the respi-
ratory deposition of tar (which contains the carcinogenic PAHs)
compared with the deposition of tar from the smoking of a
comparable quantity of tobacco (50). This greater lung deposition
frommarijuana smoking, along with the higher concentration of
some known carcinogens inmarijuana smoke, is likely tomagnify
the level of exposure to carcinogens from each marijuana ciga-
rette. Third, delta-9 tetrahydrocannabinol (THC), the major psy-
choactive ingredient in marijuana, can interact with the aryl
hydrocarbon receptor, activating transcription of cytochrome
P4501A1 (51), which is involved in the biotransformation of
PAHs into active carcinogens. Fourth, hamster lung explants
exposed to marijuana smoke for up to 2 years exhibited abnor-
malities in cell growth and accelerated malignant transformation
(52). Fifth, non–small cell lung cancer cell lines implanted into
immunocompetent mice exhibited accelerated growth when the
animals were injected intraperitoneally with THC, a finding that
was associated with THC-induced overproduction of immuno-
suppressive cytokines (IL10 and TGFb) and underproduction of
immunostimulatory cytokines (IL2 and INFg), consistent with a
THC-related, cytokine-dependent inhibition of antitumor immu-
nity (53). Sixth, endobronchial biopsies obtained from habitual
smokers of marijuana without a history of tobacco smoking have
demonstrated a number of histopathologic alterations, including
squamous metaplasia, cellular atypia, and increased nuclear/
cytoplasmic ratio, that are considered to be premalignant (54,
55). Seventh, immunohistochemical assessment of these biopsies
has shown significantly increased expression of molecular mar-
kers of pretumor progression, including EGRF and Ki-67 (a
nuclear proliferation protein) compared with nonsmokers (56).

In view of the above findings, a null association between
marijuana use and lung cancer is somewhat surprising because
marijuana smoke contains known carcinogens in amounts com-
parable with those found in tobacco smoke (49). Although the
generally smaller amounts ofmarijuana that are regularly smoked
compared with tobacco might appear to explain the null associ-
ation of marijuana with lung cancer, the absence of a dose–
response relationship between marijuana use and lung cancer,
in contrast to the strong dose–response relationship noted for
tobacco (16), would argue against this explanation. Amore likely
explanation is a tumor-suppressant effect of THC and other
cannabinoids evident in both cell culture systems and animal
models of a variety of cancers, as reviewed by Bifulco and
colleagues (57). These antitumoral effects (antimitogenic, proa-
poptotic, and antiangiogenetic) could possibly counteract the
tumor-initiating or tumor-promoting effects of the carcinogens
within the smoke of cannabis.

The three testicular cancer case–control studies were fairly
consistent with one another in terms of an increased risk observed
even for fairlymoderate frequency and duration of use (28–30). It
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is perhaps surprising that testicular cancer would be associated
with marijuana use, because tobacco smoking is not thought to
be associated with testicular cancer risk. The three studies were
conducted in various regions of the United States and had
similar definitions of marijuana use (asking study participants
about ever marijuana use). The study periods recruited parti-
cipants from 1986 to 2006 with only a few years overlap across
the three studies, suggesting that the possible association has
been consistent over the last few decades. Although the three
studies investigated testicular cancer risk by frequency and
duration of marijuana use, none showed strong dose–response
relations. All three studies adjusted on age and cryptorchidism,
both of which are established risk factors for testicular cancer.
Although maternal gestational tobacco smoking was associated
with cryptorchidism, it is unknown whether cryptorchidism is
also associated with marijuana use; thus, it may not meet the
second property of a confounder that the covariate is associated
with the exposure. The proportion of patients with testicular
cancer with cryptorchidism is fairly low (<10%); thus, it is
unlikely to impact the estimates greatly even if it is not a
confounder. In addition, Daling and colleagues conducted
analyses with exclusions of cases and controls with cryptorchi-
dism and presumably the estimates were not greatly affected.
Two of the studies also adjusted on tobacco smoking and
alcohol use (28, 29), whereas Lacson and colleagues adjusted
on education, religiosity, cocaine use, and amyl nitrate use
(30). Tobacco smoking and alcohol drinking are not estab-
lished risk factors for testicular cancer, and thus would not meet
the first property of confounders that the covariate is a risk
factor for the disease. It may be useful in future studies to report
on adjustments of potential confounders in several combina-
tions separately: (i) established risk factors for testicular cancer
(age, cryptorchidism), and (ii) factors strongly associated with
marijuana use (tobacco smoking, alcohol drinking). Although
cryptorchidism, tobacco smoking, and alcohol drinking may
not meet all three properties of a confounder, it would still be
useful to show estimates adjusted for these factors to assure that
unknown associations are not causing confounding.

For other cancers such as bladder cancer and childhood cancer,
there are still insufficient data to make any conclusions on an
association withmarijuana. Although large-scale pooled analyses
have been published recently for both head and neck cancer and
lung cancer, there does not appear tobe sufficient data to conclude
whether there is an association or not with marijuana use.
Considering that marijuana use may change due to the legaliza-
tion efforts, large-scale well-designed studies on marijuana use
and cancer may be warranted. The potential risks conferred by
marijuana use, although it may be a moderate risk, needs to be
clarified for the 18 million Americans who are currently using
marijuana today.

Future study recommendations
Some future study recommendations are as follows.

Collect specific information on the type of marijuana use
The studies to date assumed marijuana was smoked, to our

knowledge, and did not ask about how the marijuana was used.
Marijuana is most commonly smoked (with or without tobacco
depending on the geographic region), but can also be ingested
with food.

Focus on never-tobacco smokers
If possible never-tobacco smokers are an ideal group to study

association between marijuana smoking and smoking-related
cancers because the effect of marijuana use on cancer can bemore
easily disentangled from the effect of tobacco smoke on cancer
risk. In another words, the potential independent effect of mar-
ijuana can be better characterized. The possibility of residual
confounding in any associations observed will be minimized if
the study population is restricted to never smokers.

Adjust carefully for tobacco smoking
If tobacco smokers are in the study population, the adjustment

for tobacco smoke should include multiple variables such as
tobacco smoking status (never, past, current), frequency, dura-
tion, and years since quitting. Adjustment on only tobacco smok-
ing status (never, past, current) for example may leave residual
confounding. If the cancer under study is not associated with
tobacco smoking, adjustment for tobacco smoking is not neces-
sary because it does not meet the three properties of confounders.
However, as a conservative approach, it would be useful to report
on estimates adjusted for tobacco smoking separately, even if the
cancer under study is not a tobacco-related cancer.

Report on groups of subsites of head and neck cancers
Because the results of previous studies suggest substantial

heterogeneity in the risk estimates according to head and neck
cancer subsites, risk estimates for marijuana use should be
reported separately by subsite. Because head and neck cancer
subsites have different etiology, e.g., oropharynx cancers be
strongly related to HPV, and those HPV-positive cancers perhaps
may not be strongly related to tobacco and alcohol, risk conferred
by marijuana use may also differ.

Stratification by HPV status for cancers of the oropharynx
Previous studies also suggest thatHPV statusmay be a potential

modifier of the marijuana and oropharyngeal cancer association,
and results should be stratified on HPV status when studying
oropharyngeal cancer. Interactions should be assessed between
HPV status and marijuana use with statistical tests.

Conduct a prospective cohort design
Themajority of previous studies have been case–control, which

have the inherent limitation of potential recall bias. To minimize
recall bias and study multiple cancer sites, a prospective cohort
study design is preferably for future studies focusing on the
association between marijuana use and cancer risk. Conducting
the study in regions/states wheremarijuana use is legalized with a
sizable proportion of long-term and heavy users would likely
reduce reporting bias and increase the power of the study. Further,
the cohort design would allow investigation of the full range of
cancers potentially associated with marijuana use.

Continue data pooling efforts
Though we conducted a meta-analysis for testicular cancer, the

estimates were not adjusted for the same factors; thus, a pooled
analysis for testicular cancer would be very informative. In addi-
tion, one of the studies had restricted the frequency and duration
estimates to current users instead of both current and past users;
thus, the estimates were not entirely comparable. Fine tuning
these types of analytical issues would be possible in a pooled
analysis.
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Additional analyses of studies on head and neck cancer and
lung cancer

Although large-scale pooled analyses have been conducted for
both head and neck cancer and lung cancer, additional efforts to
elucidate some of the issues raised above (e.g., type of marijuana
use), and if possible, additional analyses of HPV status for
oropharyngeal cancer are warranted.

The development of marijuana-related biologic markers in
future epidemiologic studies

It is of importance to develop and validatemarijuana smoking–
related exposure markers including DNA adducts; exposure-relat-
ed early biologic responses such as specific somatic mutations of
tumor suppressor gene; genetic polymorphisms of metabolic,

inflammation, and DNA repair genes; and epigenetic markers
including DNA methylation, microRNA, etc.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Grant Support
This workwas supported by a grant from theNational Institute ofDental and

Craniofacial Research at the NIH (R01 DE023414; to M. Hashibe).
The costs of publication of this articlewere defrayed inpart by the payment of

page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received September 3, 2014; revised October 6, 2014; accepted October 6,
2014; published online January 13, 2015.

References
1. The Editorial Board. Repeal prohibitions, again. TheNewYork Times. 2014

July 27; The Opinion Pages.
2. Boffey PM.What science says aboutmarijuana. The New York Times. 2014

July 30; The Opinion Pages.
3. Volkow ND, Baler RD, Compton WM, Weiss SR. Adverse health effects of

marijuana use. N Engl J Med 2014;370:2219–27.
4. Healy J. Voters ease marijuana laws in 2 States, but legal questions remain.

The New York Times. 2012 Nov. 8;pg 15.
5. http://www.ncsl.org/research/health/state-medical-marijuana-laws.aspx.
6. LymanR. Pivotal point is seen asmore states consider legalizingmarijuana.

The New York Times. 2014 Feb. 27;pg A1.
7. Substance Abuse and Mental Health Services Administration. Results from

the 2012 National Survey on drug use and health: summary of national
findings,NSDUHSeriesH-46,HHSPublicationNo. (SMA) 13–4795. 2013.

8. Johnston LD, O'Malley PM, Miech RA, Bachman JG, Schulenberg JE.
Monitoring the future national results on drug use: 1975–2013: Overview,
key findings on adolescent drug use. Ann Arbor, MI: The University of
Michigan Institute for Social Research; 2014

9. Substance Abuse and Mental Health Services Administration Center for
Behavioral Health Statistics and Quality. The NSDUH Report: substance
use and mental health estimates from the 2013 National Survey on drug
use and health: Overview of Findings. Rockville, MD: 2014

10. Agaku IT, King BA, Dube SR. Current cigarette smoking among adults -
United States, 2005–2012. MMWR Morb Mortal Wkly Rep 2014;63:
29–34.

11. Hashibe M, Straif K, Tashkin DP, Morgenstern H, Greenland S, Zhang ZF.
Epidemiologic review of marijuana use and cancer risk. Alcohol 2005;35:
265–75.

12. Zhang ZF, Morgenstern H, Spitz MR, Tashkin DP, Yu GP, Marshall JR, et al.
Marijuana use and increased risk of squamous cell carcinoma of the head
and neck. Cancer Epidemiol Biomarkers Prev 1999;8:1071–8.

13. Rosenblatt KA, Daling JR, Chen C, Sherman KJ, Schwartz SM. Marijuana
use and risk of oral squamous cell carcinoma. Cancer Res 2004;64:
4049–54.

14. Llewellyn CD, Linklater K, Bell J, Johnson NW, Warnakulasuriya S. An
analysis of risk factors for oral cancer in young people: a case-control study.
Oral Oncol 2004;40:304–13.

15. Llewellyn CD, Johnson NW, Warnakulasuriya KA. Risk factors for oral
cancer in newly diagnosed patients aged 45 years and younger: a case-
control study in Southern England. J Oral Pathol Med 2004;33:525–32.

16. Hashibe M, Morgenstern H, Cui Y, Tashkin DP, Zhang ZF, Cozen W, et al.
Marijuana use and the risk of lung and upper aerodigestive tract cancers:
results of a population-based case-control study. Cancer Epidemiol Bio-
markers Prev 2006;15:1829–34.

17. Aldington S, Harwood M, Cox B, Weatherall M, Beckert L, Hansell A, et al.
Cannabis use and cancer of the head and neck: case-control study. Otolar-
yngol Head Neck Surg 2008;138:374–80.

18. Gillison ML, D'Souza G, Westra W, Sugar E, Xiao W, Begum S, Viscidi R.
Distinct risk factor profiles for human papillomavirus type 16-positive and
human papillomavirus type 16-negative head and neck cancers. J Natl
Cancer Inst 2008;100:407–20.

19. Berthiller J, Lee YC, Boffetta P, Wei Q, Sturgis EM, Greenland S, et al.
Marijuana smoking and the risk of head andneck cancer: pooled analysis in
the INHANCE consortium. Cancer Epidemiol Biomarkers Prev 2009;18:
1544–51.

20. LiangC,McCleanMD,Marsit C,ChristensenB, Peters E,NelsonHH, et al. A
population-based case-control study of marijuana use and head and neck
squamous cell carcinoma. Cancer Prev Res (Phila) 2009;2:759–68.

21. MarksMA, Chaturvedi AK, Kelsey K, Straif K, Berthiller J, Schwartz SM, et al.
Association of marijuana smoking with oropharyngeal and oral tongue
cancers: pooled analysis from the INHANCE consortium. Cancer Epide-
miol Biomarkers Prev 2014;23:160–71.

22. Feng BJ, Khyatti M, Ben-Ayoub W, Dahmoul S, Ayad M, Maachi F, et al.
Cannabis, tobacco and domestic fumes intake are associated with naso-
pharyngeal carcinoma in North Africa. Br J Cancer 2009;101:1207–12.

23. Hsairi M, Achour N, Zouari B, Ben Romdhane H, Achour A, et al. Etiologic
factors in primary brochial carcinoma in Tunisia. La Tunise medicale
1993;71:265–8.

24. Berthiller J, Straif K, Boniol M, Voirin N, Benhaim-Luzon V, Ayoub WB,
et al. Cannabis smoking and risk of lung cancer inmen: a pooled analysis of
three studies in Maghreb. J Thorac Oncol 2008;3:1398–403.

25. Aldington S, Harwood M, Cox B, Weatherall M, Beckert L, Hansell A, et al.
Cannabis use and risk of lung cancer: a case-control study. Eur Respir J
2008;31:280–6.

26. Callaghan RC, Allebeck P, Sidorchuk A. Marijuana use and risk of lung
cancer: a 40-year cohort study. Cancer Causes Control 2013;24:1811–20.

27. Zhang LR, Morgenstern H, Greenland S, Chang SC, Lazarus P, Teare MD,
et al. Cannabis smoking and lung cancer risk: pooled analysis in the
International Lung Cancer Consortium. Int J Cancer 2014 Jun 30

28. Daling JR, Doody DR, Sun X, Trabert BL, Weiss NS, Chen C, et al.
Association of marijuana use and the incidence of testicular germ cell
tumors. Cancer 2009;115:1215–23.

29. Trabert B, Sigurdson AJ, Sweeney AM, Strom SS, McGlynn KA. Marijuana
use and testicular germ cell tumors. Cancer 2011;117:848–53.

30. Lacson JC, Carroll JD, Tuazon E, Castelao EJ, Bernstein L, Cortessis VK.
Population-based case-control study of recreational drug use and testis
cancer risk confirms an association between marijuana use and nonsemi-
noma risk. Cancer 2012;118:5374–83.

31. Robison LL, Buckley JD, Daigle AE, Wells R, Benjamin D, Arthur DC,
Hammond GD. Maternal drug use and risk of childhood nonlympho-
blastic leukemia among offspring. An epidemiologic investigation impli-
cating marijuana (a report from the Childrens Cancer Study Group).
Cancer 1989;63:1904–11.

32. Wen WQ, Shu XO, Steinbuch M, Severson RK, Reaman GH, Buckley JD,
et al. Paternalmilitary service and risk for childhood leukemia in offspring.
Am J Epidemiol 2000;151:231–40.

33. Kuijten RR, BuninGR, Nass CC,Meadows AT. Gestational and familial risk
factors for childhood astrocytoma: results of a case-control study. Cancer
Res 1990;50:2608–12.

34. Grufferman S, Schwartz AG, Ruymann FB, Maurer HM. Parents' use of
cocaine and marijuana and increased risk of rhabdomyosarcoma in their
children. Cancer Causes Control 1993;4:217–24.

Cancer Epidemiol Biomarkers Prev; 24(1) January 2015 Cancer Epidemiology, Biomarkers & Prevention30

Huang et al.

on December 7, 2021. © 2015 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


35. Trivers KF, Mertens AC, Ross JA, Steinbuch M, Olshan AF, Robison LL.
Parental marijuana use and risk of childhood acute myeloid leukaemia: a
report from the Children's Cancer Group (United States and Canada).
Paediatr Perinat Epidemiol 2006;20:110–8.

36. Bluhm EC, Daniels J, Pollock BH, Olshan AF. Maternal use of recrea-
tional drugs and neuroblastoma in offspring: a report from the Chil-
dren's Oncology Group (United States). Cancer Causes Control 2006;
17:663–9.

37. Sidney S, Quesenberry CPJ, Friedman GD, Tekawa IS. Marijuana use and
cancer incidence (California, United States). Cancer Causes Control
1997;8:722–8.

38. Daling JR, Weiss NS, Hislop TG, Maden C, Coates RJ, Sherman KJ, et al.
Sexual practices, sexually transmitted diseases, and the incidence of anal
cancer. N Engl J Med 1987;317:973–7.

39. Maden C, Sherman KJ, Beckmann AM, Hislop TG, Teh CZ, Ashley RL, et al.
History of circumcision,medical conditions, and sexual activity and risk of
penile cancer. J Natl Cancer Inst 1993;85:19–24.

40. Nelson RA, Levine AM, Marks G, Bernstein L. Alcohol, tobacco and
recreational drug use and the risk of non-Hodgkin's lymphoma. Br J Cancer
1997;76:1532–7.

41. Holly EA, Lele C, Bracci PM, McGrath MS. Case-control study of non-
Hodgkin's lymphoma among women and heterosexual men in the San
Francisco Bay Area, California. Am J Epidemiol 1999;150:375–89.

42. Efird JT, Friedman GD, Sidney S, Klatsky A, Habel LA, Udaltsova NV, et al.
The risk for malignant primary adult-onset glioma in a large, multiethnic,
managed-care cohort: cigarette smoking and other lifestyle behaviors.
J Neurooncol 2004;68:57–69.

43. Chacko JA, Heiner JG, Siu W, Macy M, Terris MK. Association between
marijuana use and transitional cell carcinoma. Urology 2006;67:100–4.

44. Chao C, Jacobson LP, Jenkins FJ, Tashkin D, Martinez-Maza O, Roth MD,
et al. Recreational drug use and risk of Kaposi's sarcoma in HIV- and
HHV-8-coinfected homosexualmen. AIDS ResHumRetroviruses 2009;25:
149–56.

45. Voirin N, Berthiller J, Benhaim-Luzon V, Boniol M, Straif K, Ayoub WB,
et al. Risk of lung cancer and past use of cannabis in Tunisia. J ThoracOncol
2006;1:577–9.

46. SascoAJ,Merrill RM,Dari I, Benhaim-LuzonV,Carriot F,CannCI, BartalM.
A case-control study of lung cancer in Casablanca,Morocco. Cancer Causes
Control 2002;13:609–16.

47. HoffmannD, BrunnemanDK,Gori GB,Wynder EL.On the carcinogenicity
of marijuana smoke. Recent Adv Phytochem 1975;9:63–81.

48. Lee ML, Novotny M, Bartle KD. Gas chromatography/mass spectrometric
and nuclear magnetic resonance spectrometric studies of carcinogenic
polynuclear aromatic hydrocarbons in tobacco and marijuana smoke
condensates. Anal Chem 1976;48:405–16.

49. Moir D, Rickert WS, Levasseur G, Larose Y, Maertens R, White P, et al. A
comparison of mainstream and sidestream marijuana and tobacco
cigarette smoke produced under two machine smoking conditions.
Chem Res Toxicol 2008;21:494–502.

50. Wu TC, Tashkin DP, Djahed B, Rose JE. Pulmonary hazards of
smoking marijuana as compared with tobacco. N Engl J Med 1988;
318:347–51.

51. Roth MD, Marques-Magallanes JA, Yuan M, Sun W, Tashkin DP, Hankin-
son O. Induction and regulation of the carcinogen-metabolizing enzyme
CYP1A1 by marijuana smoke and delta (9)-tetrahydrocannabinol. Am J
Respir Cell Mol Biol 2001;24:339–44.

52. Leuchtenberger C, Leuchtenberger R. Cytological and cytochemical studies
of the effects of fresh marihuana cigarette smoke on growth and DNA
metabolism of animal and human lung cultures. In: Braude MC, Szara S,
editors. The Pharmacology of Marijuana. New York: Raven Press; 1976.
p. 595–612.

53. Zhu LX, Sharma S, Stolina M, Gardner B, Roth MD, Tashkin DP, et al.
Delta-9-tetrahydrocannabinol inhibits antitumor immunity by a CB2
receptor-mediated, cytokine-dependent pathway. J Immunol 2000;165:
373–80.

54. Auerbach O, Stout AP, Hammond EC, Garfinkel L. Changes in bronchial
epithelium in relation to cigarette smoking and in relation to lung cancer.
N Engl J Med 1961;265:253–67.

55. Fligiel SE, Roth MD, Kleerup EC, Barsky SH, Simmons MS, Tashkin DP.
Tracheobronchial histopathology in habitual smokers of cocaine, mari-
juana, and/or tobacco. Chest 1997;112:319–26.

56. Barsky SH, Roth MD, Kleerup EC, Simmons M, Tashkin DP. Histopath-
ologic and molecular alterations in bronchial epithelium in habitual
smokers of marijuana, cocaine, and/or tobacco. J Natl Cancer Inst 1998;
90:1198–205.

57. Bifulco M, Laezza C, Pisanti S, Gazzerro P. Cannabinoids and cancer:
pros and cons of an antitumour strategy. Br J Pharmacol 2006;148:
123–35.

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 24(1) January 2015 31

Marijuana and Cancer Review

on December 7, 2021. © 2015 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/


2015;24:15-31. Cancer Epidemiol Biomarkers Prev 
  
Yu-Hui Jenny Huang, Zuo-Feng Zhang, Donald P. Tashkin, et al. 
  
An Epidemiologic Review of Marijuana and Cancer: An Update

  
Updated version

  
 http://cebp.aacrjournals.org/content/24/1/15

Access the most recent version of this article at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/24/1/15.full#ref-list-1

This article cites 47 articles, 9 of which you can access for free at:

  
Citing articles

  
 http://cebp.aacrjournals.org/content/24/1/15.full#related-urls

This article has been cited by 5 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgat

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cebp.aacrjournals.org/content/24/1/15
To request permission to re-use all or part of this article, use this link

on December 7, 2021. © 2015 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

http://cebp.aacrjournals.org/content/24/1/15
http://cebp.aacrjournals.org/content/24/1/15.full#ref-list-1
http://cebp.aacrjournals.org/content/24/1/15.full#related-urls
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/24/1/15
http://cebp.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


